Introduction
There are several situations of practical interest, both in nature and in man made processes, in which fluid flows through a bed of inert particles, packed around a large solid mass, which is soluble or reacts with the flowing fluid. In order to predict the rate of mass transfer between the solid and the flowing fluid it is necessary to understand in detail the mechanics of the flow and the associated processes of diffusion and convection. For many years, intense research on diffusion phenomena in porous bodies using the diffusion model has been applied to different materials (Delgado, 2007 and Delgado and Vázquez da Silva, 2009) . Fundamental solutions of the diffusion problems for spheres, cylinders, plates and parallelepipeds have been provided by Crank (1992) and Gebhart (1993) , for example. However, in many situations the shape of the particles immersed in a fluid or porous media is not perfectly spherical, and may be classified as prolate or oblate spheroids. Numerical and analytical solutions of the diffusion equation for prolate spheroids have been reported by Coutelieris et al. (2004) , Lima et al. (2002) , Coutelieris et al. (1995) , etc., and for oblate spheroids by Carmo and Lima (2008) , Coutelieris et al. (1995) , etc. Fluid flow along buried spheroidal surfaces is an important model situation (e.g. Clift et al., 1978) and in the present work it is investigated analytically. The treatment of irregular shapes could only be done by numerical methods; therefore it was decided to take the prolate and the oblate spheroid as a model of non spherical particle and study the problem of diffusion around it, for two limiting cases: pure diffusion regime and high values of Peclet number. The main objective of this work is to provide an analytical solution to the considered problem, as it can be very useful in situations such as the analytical models of continuous injection of solute at a point source, in a uniform stream, to estimate the distance from the "contaminant source" beyond which the levels of contaminant are expected to fall below some safe limit, etc.
Analytical solutions
In many practical situations it is often required to consider operations in which there are physico-chemical interactions between a solid particle and the fluid flowing around it. In the treatment of these operations it is common practice to assume the soluble particle to be spherical, because the treatment of irregular shapes could only be done by numerical methods. Spheroidal particles can be either prolate or oblate, and using a simple transformation, one obtains the results for an oblate spheroid from the prolate results. If we consider the situation of a prolate spheroid of major and minor axes c and a, respectively, and an oblate spheroid with the major and minor axes, respectively, a and c, the surface of the spheroid ( 0 θ θ = ) is described by The surface area S and volume V of a prolate/oblate spheroid are given by Figure 1 describes the prolate/oblate spheroidal coordinate system. The dimensional Cartesian coordinates (x, y, z) are related to the prolate spheroidal ones (θ, η, β) through the equations (see Moon and Spencer, 1971) 
and for the case of an oblate spheroid by
, for a prolate and
, for an oblate spheroid) and the coordinates range are:
Mass transfer around a prolate spheroid 2.1.1 Pure diffusional regime
The spheroid of slightly soluble solid is assumed to be buried in a packed bed, of "infinite extent", the interstices of the bed being filled with a stagnant fluid that is assumed to be free of solute, at a large distance from the spheroid. In steady state, a mass balance on the solute, without chemical reaction, leads to
along coordinate θ . The boundary conditions are
and the solution is given by
The mass transfer rate is given by the following expression www.intechopen.com 
From integration of Eq. (10), the total mass transfer rate from the active prolate spheroid is obtained as
After rearranging Eq. (11) For the special case of 0 ≈ e , the well known result of Sh 2, = , corresponding to pure diffusion around a sphere in an unbounded fluid, is obtained.
High Peclet numbers
The theory is based on the assumption that the inert particles in the bed are packed with uniform voidage, ε , and that the gas flow may be approximated everywhere by Darcy's law, p K grad u − = . Furthermore, if the fluid is treated as incompressible, mass conservation leads to
. This result is well known to hydrologists (see Scheidegger, 1974) and shows that incompressible Darcy flow through a packed bed obeys to the laws of potential flow. Darcy's law is strictly valid only for laminar flow through the packing, but according to Bear (1988) 
and the corresponding stream function is given by 
The tangential velocity at the surface of the prolate spheroid (
and the resulting expression is . A convenient way of expressing the differential mass balance on the solute is to take a control volume along a stream tube, between two nearby potential surfaces. The resulting expression, for convection with molecular diffusion, is (see Coelho and Guedes de Carvalho, 1988 )
For high values of the Peclet number the concentration boundary layer will be thin and the first term on the right hand side of Eq. (23) may be neglected (see Guedes de Carvalho et al., 2004) . After some algebraic manipulation and a suitable change of variables, it is then possible to obtain
where ξ is defined by 
and the corresponding solution is
The value of ξ varies over the surface of the spheroid. Now, for potential flow, η u is given by Eq. (22) 
The flux of solute at any point on the surface of the spheroid is
and from Eq. (29) it may be shown that ( ) 
the resulting expression for k (from Eqs. (30) and (31) 
Mass transfer around an oblate spheroid 2.2.1 High peclet numbers
For high values of Peclet numbers, the theory is similar to the case of a prolate spheroid. is obtained, for potential flow over the surface of the sphere. On the other hand, for a slender oblate, e → 1, no simple expression for the velocity profile can be given, since it must be described by a series with many terms. where ξ is defined by 
The value of ξ varies over the surface of the spheroid. Now, for potential flow, η u is given by Eq. (42) 
and from Eq. (47) it may be shown that ( )
. The rate of dissolution of the spheroid in the region 1 0 η η < < will then be () ( )
given by Eq. (46). In particular, the total rate of dissolution of the spheroid, T n , may be obtained taking Figure 5 shows the dependence of ε / h S ′ on e P ′ , for different values of the eccentricity, e . The total quantity of material transferred from an oblate spheroid is greater than that of a soluble sphere which is explained by the increasing of the ε / h S ′ values with eccentricity.
Concentration profiles

Prolate spheroid buried in a packed bed
The analytical solution for a continuous point source has also been derived by Wexler (1992) ). Figure 6 show the concentration contour plots obtained, taking 1000 Pe' = and 5 . 0 = e as an example, for low values of the dimensionless concentration. As the value of C decreases, the distance of the contour surfaces to the solid soluble particle increases and the solution for the "continuous point source" approach to the "exact" solution, possible to obtain numerically (i.e. if a correct value of T n is used, true coincidence is observed). 
Conclusions
The problem of mass transfer around a spheroid buried in a granular bed (be it packed or incipiently fluidised) lends itself to a simple full theoretical analysis, under an appropriate set of conditions. If Darcy flow is considered in the packing, the differential equation describing mass transfer may be obtained analytically considering two asymptotes: one for Pe → 0 and the other for convection with molecular diffusion across a thin boundary layer, being the results described by Eq. (35), for the case of a prolate spheroid and Eq. (50), for the case of an oblate spheroid.
Results of the analytical solutions were also used to predict the solute migration from an active prolate or oblate spheroid buried in a packed bed of inert particles, through which fluid flows with uniform velocity. The concentration contour surfaces were obtained using an analytical solution of continuous injection of solute at a point source in a uniform stream and the proposed correlations for the mass transfer rate developed. 
